An alternative application strategy, termed Cont-1, continuously adds 1 mg L Ϫ1 PAM product to irrigation Polyacrylamide has low toxicity to aquatic and terresat three times during the irrigations, both during and after PAM trial organisms at concentrations used in this agricultural application. Polyacrylamide was adsorbed to soil and removed from solution as the streams traversed the soil-lined channels. The removal application (Barvenik, 1994; Deskin, 1996) . Concerns 
watersheds" in the irrigation district to a natural surface drainage.
The linear PAM molecule assumes the form of a hydrated random coil when dissolved in water. Solvated A n increased awareness and heightened state and PAM molecules in the furrow stream collide with soil federal scrutiny of agriculture-related nonpointparticles when treated water infiltrates into soil or when source contributions has encouraged producers in the turbulent flow drives the molecules against entrained western USA to reduce irrigation-induced erosion and sediment or the wetted soil perimeter. The dissolved runoff losses coming from their fields. Increasingly, farm high molecular weight polymers are readily adsorbed managers are adopting PAM technology as an effective, to soil particles via electrostatic, hydrogen, and chemical convenient, and economical means of reducing erosion bonding, and by displacement of inner solvation-sphere and improving runoff water quality from furrow-irriwater molecules (LaMer and Healy, 1963 ; Mortland, gated and sprinkle-irrigated fields. One practice recom-1970; Jin et al., 1987; Malik et al., 1991; Laird, 1997) . mended as a Natural Resources Conservation Service As a result, incoming PAM is bound to soil in the upper (NRCS) conservation standard applies 10 mg L Ϫ1 PAM 1 to 5 cm of the profile (Malik et al., 1991) . Dry soil product to irrigation water inflows only during the initial adsorbs more polymer than wet soils because sorbed advance of water across the field, then untreated water water reduces the number of potential soil binding sites is used to finish the remainder of the irrigation. We term (Chang et al., 1991) . Polyacrylamide is adsorbed to and this approach as the Initial-10. The Initial-10 treatment flocculates soils suspended in water. Polymer adsorption reduces runoff sediment, P, and N losses by 85 to 99%, on soil occurs rapidly during the first minutes of expolowers levels of chemical and biological oxygen demand sure, but may continue at a reduced rate for several in runoff by 83% (Lentz et al., 1992 (Lentz et al., , 1998 hours or days (Van de Ven, 1994) . Sojka, 1994; Bahr et al., 1996) , and decreases soil-sorbed
In batch tests (soil, water, and dissolved PAM mixed pesticide losses in furrow runoff (Agassi et al., 1995;  in a shaker), Nadler et al. (1992) reported that little or Bahr et al., 1996) . Polyacrylamide also reduced microno polymer desorbed from the soil while it remained bial biomass in furrow streams (Sojka and Entry, 2000) .
wet, and the polymer became irreversibly bonded to the soil upon drying. In flowing systems, Lee and Fuller added dry to irrigation water or used to produce aqueous (1985) found that polymer adsorption rate decreased stock solutions. Polyacrylamide stock solutions were added with increasing velocity of flow. Polymer desorption did to furrow streams on a whole-product basis to attain target not occur under quiescent conditions, but was observed concentrations. Since PAM granules contained 80% active when the adsorbent material was subjected to flow ingredient, actual furrow stream PAM concentration for the shear. Desorption increased with increasing flow velocwhole-product 10 mg L Ϫ1 target was 8 mg L Ϫ1 , and for the ity (Lee and Fuller, 1985) .
When furrow inflows were treated with 10 mg L
Ϫ1
Two PAM treatments were compared: the Initial-10 and the PAM and permitted to flow down the entire furrow, alternative Cont-1. Note that the Initial-10 treatment applied polymer concentration in runoff was 6 to 10 mg L Ϫ1 PAM for 1.2 to 2 h longer than recommended by the NRCS PAM (Lentz and Sojka, 1996) . To our knowledge, no standard, which curtails PAM application immediately after published research has described dissolved PAM trans- 
MATERIALS AND METHODS
procedure (SAS Institute, 1997) was used to fit a split-split The study was done on a 0.34-ha field located near Kimplot model separately for each irrigation; with treatments as berly, Idaho. Soil was a Portneuf silt loam. The silt loam surface main plots, positions as subplots, and time as sub-subplots. horizon had 100 g kg Ϫ1 clay, 700 g kg Ϫ1 silt, and 10 to 13 g Degrees of freedom used in confidence intervals on the treatkg Ϫ1 organic matter; a cation exchange capacity of 190 mmol c ment by time by position means were adjusted by Huynh-Feldt kg Ϫ1 ; saturated-paste-extract electrical conductivity (EC) of ε values to account for lack of sphericity in the covariance 0.07 S m Ϫ1 ; exchangeable sodium percentage (ESP) of 1.5; pH structure across time. To stabilize variances, a square root of 7.7; and calcium carbonate equivalent of 5%. Irrigation transformation was applied to concentration and mass-loss furrows were 167.2 m long with 1.5% slope. The field plot was values, after adding a small constant to avoid negative values. disked twice, roller-harrowed, and planted to bean (Phaseolus During an irrigation, runoff from all six furrows (replicates) vulgaris L.). Irrigation furrows at 0.56-m spacing were formed per treatment including controls passed into a collection ditch in wheel-trafficked lanes using a v-shaped sled. Only every oriented perpendicular to the furrows (Fig. 1) . The combined other furrow was watered during a given irrigation, resulting flow then entered a 530-m-long tail ditch. Occasional tailin an irrigation furrow spacing of 1.12 m.
water contributions from neighboring farms entered the tail A commercially available granular anionic PAM with 18% ditch at locations Ͼ274 m down the ditch. The tail ditch was charge density and molecular weight of 12 to 15 Mg mol Ϫ1 newly formed prior to the first irrigation, but left undisturbed (Superfloc A-836; CYTEC Industries, Stamford, CT 1 ) was (except for irrigation) for the remainder of the season. Runoff water was subsampled in triplicate at locations 0 (top), 93 end of the tail ditch, located 530 m downstream from the top. acrylamide was added to irrigation water at a rate that produced the desired furrow stream target concentration, either Tail-ditch-end samples were collected at 3 and 7 h times during Irrigations 4 and 5. Tail-ditch-end data were not included in by injecting a 300 mg L Ϫ1 (Cont-1) or 2400 mg L Ϫ1 (Initial-10) stock solution into the turbulent flow pouring from the the statistical model because the sample set was not complete, but were used to estimate mean cumulative PAM loss per irrigated pipe spigots. Furrow inflows, and stream flow rate and sediment concentrations were measured throughout each gation at the tail-ditch-end position. A repeated measures analysis using means of triplicate subsamples produced Huynhmonitored irrigation at furrow top, middle, and bottom positions. Measurements were made at 30-min intervals early in Feldt ε values Ͼ1, so a split plot analysis was employed to evaluate the three tail-ditch positions (top, middle, and botthe irrigation, every hour during mid-irrigation, and every three hours later in the irrigation, when outflows and sediment tom), with time as the main plot, positions as the subplots, and irrigations as the random effect. Confidence intervals (P ϭ loads had stabilized (at Ͼ7 h into the set). Inflows were measured by timing the filling rate of a known volume, and out-0.05) were constructed on the position means. Early-season irrigation responses varied considerably from those late-seaflows were measured with long-throated v-notch flumes (Trout and Mackey, 1988) . Runoff sediment was measured using the son Irrigations 4, 5, and 6. Thus, a separate analysis for lateseason irrigations employed orthogonal contrasts to test for Imhoff cone technique . Details of the flow and sediment monitoring procedure were given by Lentz et tail-ditch position effects at the first sampling. For this analysis irrigations were considered a random effect. Finally, trends al. (1992) . The computer program, WASHOUT (Lentz and Sojka, 1995) , calculated runoff and PAM loads using measured in tail-ditch responses from Irrigation 2 were examined by plotting means and confidence limits using variances from tripflow rates and sediment and polymer concentrations. Runoff PAM loads were computed under the assumption that runoff licate subsamples. component concentrations were constant between sampling intervals.
Irrigations and Monitoring
A gated pipe conveyed water to each furrow, and adjustable
Sample Handling and Analysis
spigots controlled inflow rates. Initial irrigation inflows were set high to speed irrigation advance (Table 1) . When water Sediment was removed from PAM furrow stream samples within 90 min of field sampling by centrifugation (10.2 RCF, in all furrows had traversed the field, inflows for all treatments were simultaneously decreased to reduce runoff and sediment 10 min, 10 to 15ЊC). We added small amounts of boric acid and 2-propanol to inhibit biologic activity and stabilize polymer losses. Irrigation sets were 12 h long. Newly formed furrows were irrigated early in the season. If furrows were undisturbed present in the samples (Lentz et al., 1996) . Polyacrylamide polymer concentrations were determined using a flocculation by cultivation since the previous irrigation, these were termed repeat furrows. Repeat furrows were used mainly during latemethod (Lentz et al., 1996, protocol concentration continuous PAM treatment produced a larger net furrow infiltration increase than Initial-10, relative to untreated furrows (Lentz and Sojka, 2000) . Santos and Serralheiro (2000) reported that the cumula-
RESULTS AND DISCUSSION

Erosion and Infiltration Effects
tive infiltration of their Cont-1 treatment trended higher than that of Initial-10, but could not establish a statistiThe Initial-10 treatment applied an average 1.8 kg cal separation. ha Ϫ1 PAM (whole product) per irrigation, compared with 0.7 kg ha Ϫ1 for Cont-1 ( Table 2 ). The PAM concentration in water entering Cont-1 furrows in Irrigation 1
Polyacrylamide Concentration in Furrow
was about one-fifth the target value, so those results and Tail-Ditch Streams from that treatment are not comparable. A total of Data from monitored Irrigations 2, 4, 5, and 6 were 227 g PAM a.i. was applied to treated furrows at each included in the statistical analysis because both PAM irrigation (Irrigations 2, 4, 5, and 6), 27 g to each of treatments in these irrigations met the concentration the six Initial-10 furrows and 10.8 g to each of the six targets. For these irrigations, furrow stream PAM conCont-1 furrows. centration differed significantly depending on main efIn the first two irrigations, runoff sediment losses fects, that is, PAM treatments, furrow field positions, from untreated furrows were some of the highest oband time. The main-effect interaction terms were also served for such fields Sojka, 1994, 2000) .
significant for all irrigations, except position by time for Initial-10 reduced furrow sediment loss by 74% in IrrigaIrrigations 5 and 6, and treatment by position by time tions 1 and 2, significantly more than the 25% reduction for Irrigation 5 (Table 3) . attained with Cont-1 in Irrigation 2 (Table 2 ). In this While polymer was still being applied to Initial-10 experiment, Initial-10 did not control sediment losses furrows at 2 h, stream PAM concentration was 6 to 8 in the first two irrigations as successfully as the 92% mg L Ϫ1 at each top, middle, and bottom furrow position. previously observed by Lentz and Sojka (2000) , even
Initial-10 effectively controlled erosion and maintained though their PAM applications continued for only 0.5 h low mean furrow stream sediment concentrations, averafter advance. Relative to that in the first two irrigations, aging 0.2 mg L Ϫ1 (Table 4) . Thus, little sediment was erosion in subsequent irrigations was less and both Iniavailable to adsorb the polymer, and furrow stream tial-10 and Cont-1 treatments were more effective in PAM concentrations remained unchanged as the flow controlling sediment losses. In Irrigations 4, 5, and 6, crossed the field. Thirty minutes after Initial-10 applicaInitial-10 reduced furrow sediment loss by 92% and tion ceased, the furrow stream PAM concentration had Cont-1, 70%.
decreased to undetectable levels, with the exception of In early irrigations, PAM treatment had no effect Irrigation 6 (Fig. 2) . It is not clear why PAM concentraon furrow infiltration (Table 2) . However, an analysis tions in Irrigation 6 at 3 h and 7 h did not decline combining data from Irrigations 2, 4, 5, and 6 showed to near zero, as occurred for previous irrigations. The that cumulative infiltration, as a percent of the total response was not restricted to one or two furrows. It water applied, differed among treatments (P ϭ 0.0001). The average cumulative infiltration for the treatments in was consistent across all replicates. TRT *** *** *** *** *** *** *** *** POS *** *** *** *** *** *** *** *** TIME *** *** *** * *** *** *** *** TRT ϫ POS *** *** *** *** *** *** *** NS TRT ϫ TIME *** *** *** *** *** *** *** *** POS ϫ TIME ** ** NS NS *** *** *** *** TRT ϫ POS ϫ TIME *** *** NS ** *** ** ** NS * Significant at the 0.05 probability level. ** Significant at the 0.01 probability level. *** Significant at the 0.001 probability level.
Compared with the Initial-10, PAM concentration in with time; from 7.7 g L Ϫ1 during the initial hours of the irrigations to 4.2 g L Ϫ1 at irrigations' end, and from 12.6 the Cont-1 treatments changed less abruptly between sampling times during irrigation, but changed more with g L Ϫ1 in Irrigation 2 to 0.9 g L Ϫ1 in Irrigation 6 (Table  4) . Less PAM would be adsorbed to soil solids and be sampling position. At 2 h, inflow PAM concentration for Cont-1 furrows was 0.9 mg L Ϫ1 a.i. (Fig. 3 ) and mean removed from furrow stream flows as stream sediment concentration decreased. Therefore, we hypothesized stream sediment concentrations were nearly 40 times greater (Table 4 ) than for Initial-10 furrows. The greater that the flattening of PAM concentration versus flowdistance relationship was generally due to the decreased sediment availability increased PAM adsorption onto entrained soil and decreased PAM concentration in the availability of adsorbent (sediment) in the furrow stream. Evidence in Irrigation 6 suggests that a second stream as it flowed across the field. Thus, 2-h Cont-1 furrow-stream PAM concentrations had declined to unprocess may also have influenced the decline rate of furrow-stream PAM concentration over time. Furrowdetectable levels by the time the flow had traveled to the mid-furrow position.
runoff PAM concentration in Cont-1 furrow streams decreased significantly between middle and bottom The rate of decrease in PAM concentration with distance downstream was greatest during the first 2 to 3 h sampling positions at 3 h, but not at 7 h (Fig. 3 ). Yet, stream sediment concentrations were the same at the of an irrigation relative to Hours 7 through 12, and greatest during Irrigations 2 and 4 than for Irrigations two times, so the PAM concentration differences observed at 3 and 7 h were apparently not caused by 5 and 6 (Fig. 3) . Thus, by the 7-h sampling time in Irrigation 6, we observed no change in the PAM concena difference in the availability of entrained sediment adsorbent. Polyacrylamide absorbance may have detration as the stream traversed the furrow. This pattern of changing PAM concentration paralleled that of furclined in response to a number of time-related factors: (i) A number of physical and chemical characteristics row stream sediment. On average, sediment concentrations in Cont-1 furrow streams progressively decreased of the stream flow probably changed with time as a and Cont-1 furrows, but was one-tenth of this 2-h value at the 3-h (Ͻ0.1 mg L Ϫ1 ) and 7-h (0.1 mg L Ϫ1 ) sampling result of changing flow rates, which may have decreased times, when PAM was being applied only to Cont-1 adsorption of dissolved PAM onto soil surfaces; and furrows. A large portion of variability among irrigation (ii) soil-lined channels may have a finite capacity for responses was contributed from Irrigation 2, which exnonequilibrium adsorption of PAM at the time scale hibited a response pattern quite different than those for imposed here (Ͻ12 h), and this adsorption capacity was Irrigations 4, 5, or 6 (Fig. 4) . A separate analysis for the progressively filled over the period of PAM application.
late-season irrigations showed that tail-ditch position Thus, fewer PAM molecules were absorbed to the soilinfluenced PAM concentration at the 2-h sampling time. wetted perimeter as time progressed, and more incom-
The 2-h tail-ditch PAM concentrations averaged 1.6 mg ing dissolved PAM moved downstream. L Ϫ1 at top, middle, and bottom positions but had deRecall that runoff collected from treated and noncreased to 0.28 mg L Ϫ1 at the tail-ditch end (Fig. 4) . treated furrows flowed into the 530-m-long tail-water Polyacrylamide concentration patterns in the tail ditch, where it was sampled at the top, middle, and ditch were similar to those for furrows: (i) Tail-ditch bottom positions at 2, 3, and 7 h, and at the end position PAM concentration declined rapidly following the reat 2 h during each irrigation. The tail-ditch end was duction in furrow inflow PAM concentration; and (ii) sampled at 3 and 7 h during only two irrigations. When PAM concentration did not decrease as rapidly with Irrigations 2, 4, 5, and 6 were analyzed together, only distance downstream as the season progressed. This retime (P ϭ 0.0001), and not field position (P ϭ 0.14), or sult supported the hypothesis that the rate of PAM the time by position interaction term (P ϭ 0.39) significoncentration diminution with flow distance declined cantly affected PAM concentration in tail-ditch flows.
as stream sediment concentration decreased over the Mean tail-ditch PAM concentration at 2 h was 0.9 mg L Ϫ1 , when polymer was being applied to both Initial-10 irrigation season (Table 4) . However, it was noted that the PAM concentration did not decline along the upper 90 m of Cont-1 furrows during Irrigation 6 at 2 h (Fig.  3) , nor along the upper 90 m of the tail-water stream during Irrigations 4, 5, and 6 at 2 h (Fig. 4) . These responses were similar despite the fact that mean sediment concentrations in the tail ditch were 10 times that for Cont-1 furrows (Table 4 ). This suggested that other factors influenced the rapidity of PAM removal or adsorption from the furrow stream as it flowed downfield. Physical and chemical characteristics of the stream flow have influenced polymer dynamics. Or, it may simply be that the adsorption capacity of sediment entering the furrow (Fig. 3) , while downstream concentrations in tail ditch was already nearly saturated and thus had little Initial-10 furrow streams were constant (Fig. 2) . effect on the dissolved PAM it encountered in the stream.
Polyacrylamide mass-loss rate also changed with time. After furrow runoff began and before PAM application
Polyacrylamide Loss Rate in Furrow
ceased (2 h), the PAM mass-loss rate at Initial-10 furand Wastewater Streams row-bottom positions averaged 95 mg min Ϫ1 over the four irrigations (Fig. 5) . This level of loss rate was perStatistics for PAM mass-loss rate paralleled those for mitted for 0.5 to 1.0 h in our experimental furrows beconcentration. Main effects, treatment, furrow field pocause PAM application was extended in order to reduce sition, and time significantly influenced PAM mass-loss inter-irrigation variability of tail-water measurements. rates (Table 3) . Main effect interaction terms were also During typical farm use, this stage of PAM treatment significant for all irrigations, except interactions treatwould be very brief since further application after adment by position and treatment by position by time for vance is unnecessary and would decrease PAM-use effiIrrigation 6. For any given irrigation and sampling time, ciency. Thirty minutes after PAM application ceased (3 h), mass-loss rates decreased with distance downfield. As mean PAM mass-loss rate at Initial-10 furrow bottoms furrow streams traversed the field, increasing infiltration had decreased to 1.8 mg min
Ϫ1
, and the 7-h Initial-10 opportunity produced flow-rate reductions. The flowmass-loss rate was similar, 1.9 mg min
. Polyacrylamide rate decrease with distance downfield caused moderate mass-loss rates in Cont-1 furrows were generally slightly declines in PAM mass-loss rates of Initial-10 furrows less at 3 and 7 h than at 2 h. The smaller PAM mass- (Fig. 5) . Polyacrylamide mass-loss rates for Cont-1 furloss rate at later sampling times was caused primarily rows decreased more rapidly with distance down furrow by a decrease in furrow-stream flow rates (Table 4) . The than for Initial-10. The reason was that PAM concentration in continuously treated furrows decreased down irrigation cutback approach used here reduced furrow inflows after furrow advance, resulting in smaller furrow-stream flow rates at 3 and 7 h than at 2 h. the collection ditch where dissolved PAM from treated furrows mixed with suspended sediment largely contribonce runoff begins, in order to minimize PAM runoff uted from untreated furrows. Polyacrylamide flocculosses and maintain high PAM-use efficiencies. lated and adsorbed to the sediment, which resulted in an At any given sampling time, overall PAM mass-loss 80% reduction in dissolved PAM loss rate in Irrigation 2 rate in the furrow and tail-ditch flows decreased with and an average 50% reduction in Irrigations 4, 5, and distance downstream. The rate of decline was greater at 6 (Fig. 6) . Some of the resulting flocculated and ag-2 h, when dissolved PAM concentrations were greatest. gregated sediment continued to move downstream as Furrow infiltration rates were highest in the early hours bedload and, at 2 h, was clearly evident in the top tailof the irrigation. Hence, furrow flow rate declined more ditch flow.
steeply with distance downstream at the 2 h sampling Overall PAM mass-loss rates from all furrows as irritime than at 3 or 7 h. Since PAM mass-loss rate is a gation water flowed across the field and down the tail function of flow rate, loss rates declined more steeply ditch are plotted in Fig. 6 . In Irrigation 2 at 2 h, the with distance at the 2-h sampling time than at later times overall PAM loss rate at the bottom of the tail ditch (data not shown). was 0.01 g min
, nearly two orders of magnitude smaller than that at the top (inflow end) of the furrow, 0.9 g
Cumulative Polyacrylamide Mass Losses min
Ϫ1
. The pattern differed for Irrigations 4, 5, and 6, where the average 2-h overall PAM loss rate at the tailRunoff at the tail-ditch end transported a total of ditch bottom was 0.26 g min
, about one-fifth that at 2.6 g PAM off the farm during each of Irrigations 2, 4, the top of the furrow, 1.05 g min Ϫ1 . The increase in 5, and 6 (Fig. 7) . Thus, only 1% of the total PAM a.i. PAM loss rate at the tail-ditch bottom from early to applied per irrigation exited the area as irrigation return late season (Fig. 6 ) was caused by an increase in stream flow. Had the Initial-10 PAM application been curtailed PAM concentration (Fig. 4) , since tail-ditch flow changed when furrow runoff commenced, PAM contributions little between early-and late-season irrigations (Table 4) . from those furrows to the tail ditch would have been For all irrigations, overall PAM loss declined greatly considerably reduced (see discussion below), and cumuafter PAM application in Initial-10 furrows had ceased, lative PAM mass losses at the tail-ditch end would have and PAM was being applied to Cont-1 furrows only (3 been about one-fifth of the 2.6 g measured in this study, and 7 h sampling times). This emphasizes the imporor about 0.2% or less of the total PAM a.i. applied.
Relative to the total Initial-10 PAM applied, cumulatance of stopping PAM application in Initial-10 furrows tive PAM losses from Initial-10 furrows would have CONCLUSIONS been 1 to 2% (Irr. 1) or 5% (Irr. 2, 4, 5, 6) had PAM This study compared effects of two PAM applications, application been shut off at furrow advance (Fig. 8) .
Initial-10 vs. Cont-1, on furrow irrigation-induced eroHowever, because PAM application in Initial-10 fursion and infiltration, and determined the fate of applied rows was permitted to continue for 75 to 120 min after PAM in furrow streams and downstream surface drains. advance, cumulative PAM mass losses in runoff from Initial-10 more effectively controlled furrow erosion Initial-10 furrows were 32% (Irr. 1) and 33% (Irr. 2, 4, 5, overall, although Cont-1 did equally well during late-6) of the total applied (data not shown). By comparison, season irrigations when erosion measured in untreated cumulative PAM losses from the ends of Cont-1 furrows furrows was lower. Cont-1 increased net infiltration averaged 15% (10 g) of the total PAM a.i. applied to above that for control or Initial-10 furrows during the Cont-1 furrows.
late-season irrigations. Cumulative PAM a.i. losses increased as the irrigation When the Ͼ6 mg L Ϫ1 PAM a.i. application ceased, season progressed. Zero PAM losses from the bottom PAM concentration in furrow runoff declined rapidly. and end positions of the tail ditch occurred in Irrigations However, while dissolved PAM was being added to 1 and 2. In Irrigation 4, 4.2 g PAM was lost from the furrow irrigation streams, its downstream persistence in bottom, and 0.2 g was lost from the end of the tail ditch.
the flow was a function of its initial concentration and By Irrigation 6, a total of 22 g PAM was lost at the tailirrigation sequence. Results were consistent with the ditch bottom and 9 g at the tail-ditch end. Thus, seasonconcept that furrow sediment concentration is an imporlong cumulative PAM losses at the tail-ditch end could tant factor controlling the downstream dissolved PAM have been nearly eliminated if we had not treated the concentrations in furrow and tail-ditch streams. When last two irrigations.
furrow inflows contained Ͼ6 mg L Ϫ1 PAM a.i., the polymer persisted in downstream flows because at these Polyacrylamide Sinks application rates, PAM greatly minimized entrained sediment concentrations and hence PAM adsorption. The total PAM applied per irrigation averaged 61 g Increasing sediment concentrations in treated furrow or a.i. for Cont-1 furrows and 155 g a.i. for Initial-10 furtail-ditch flows, either by decreasing PAM a.i. applicarows, where polymer application was allowed to contion rate to concentrations below 0.9 mg L Ϫ1 or by addtinue for 75 to 120 min after runoff began. Of the total ing sediment via tributary inflows, promoted the re-216 g PAM a.i. applied, 51 g adhered to soil in Cont-1 moval of dissolved PAM in downstream flows. Other furrows and 102 g adsorbed to soil in Initial-10 furrows.
less-understood factors also appear to influence disThus, cumulative PAM losses from the end of all treated solved PAM concentrations in treated flows. While furrows averaged 63 g a.i. per irrigation (28% of the some results were unexplained, we found no consistent total PAM a.i. applied). Of this, 53 g was adsorbed to evidence that PAM desorbed from treated furrow soils. sediment present in the collection-and tail-ditch stream However, further study is needed to fully understand and removed from solution. Hence, an average 10 g the importance of all processes that influence furrow dissolved PAM a.i. passed into the tail ditch in each stream PAM concentrations. irrigation. Of this 10-g amount, 2.6 g PAM a.i. (1% of To maximize PAM-use efficacy and minimize its the total applied) passed down the tail-water ditch and exited the farm.
transport off-site, irrigators need to keep applied poly- 
